This study identified subgenic PCR amplimers from 18S rDNA that were (i) highly specific for the genus Acanthamoeba, (ii) obtainable from all known genotypes, and (iii) useful for identification of individual genotypes. A 423-to 551-bp Acanthamoeba-specific amplimer ASA.S1 obtained with primers JDP1 and JDP2 was the most reliable for purposes i and ii. A variable region within this amplimer also identified genotype clusters, but purpose iii was best achieved with sequencing of the genotype-specific amplimer GTSA.B1. Because this amplimer could be obtained from any eukaryote, axenic Acanthamoeba cultures were required for its study. GTSA.B1, produced with primers CRN5 and 1137, extended between reference bp 1 and 1475. Genotypic identification relied on three segments: bp 178 to 355, 705 to 926, and 1175 to 1379. ASA.S1 was obtained from single amoeba, from cultures of all known 18S rDNA genotypes, and from corneal scrapings of Scottish patients with suspected Acanthamoeba keratitis (AK). The AK PCR findings were consistent with culture results for 11 of 15 culture-positive specimens and detected Acanthamoeba in one of nine culturenegative specimens. ASA.S1 sequences were examined for 6 of the 11 culture-positive isolates and were most closely associated with genotypic cluster T3-T4-T11. A similar distance analysis using GTSA.B1 sequences identified nine South African AK-associated isolates as genotype T4 and three isolates from sewage sludge as genotype T5. Our results demonstrate the usefulness of 18S ribosomal DNA PCR amplimers ASA.S1 and GTSA.B1 for Acanthamoeba-specific detection and reliable genotyping, respectively, and provide further evidence that T4 is the predominant genotype in AK.
The demonstrated pathogenicity for humans and animals of organisms belonging to the genus Acanthamoeba (17, 26) , coupled with the difficulty of using morphological criteria for subgeneric identification of isolates (30, 38) , has stimulated a number of laboratories to pursue molecular methods for detection and identification. The objective is to develop methods that are suitable for both clinical and environmental applications. The identification of amoebic isolates should be very reliable and, at least for clinical use, the detection system should be very sensitive. Several research groups, including our own, have demonstrated the usefulness of PCR methods for detection of acanthamoebae (10, 15, 21, 25, 27, 40) . As few as 1 to 10 trophozoites can be detected. It also is possible to enhance detection of individual amoeba in very dilute liquid clinical samples with fluorescent in situ hybridization (FISH) (36) . Several molecular approaches increase the reliability of specimen identification, but the use of DNA sequence variation appears to be the most promising. The variation is observed in restriction fragment length polymorphisms of complete or partial nuclear 18S rRNA genes (8, 20, 21, 22) , of complete mitochondrial 16S rRNA genes (7, 46) , and of the complete mitochondrial genome (3, 7, 13, 18, 22, 45) . It also is observed in the DNA sequences of complete or partial 18S rRNA genes (10, 27, 35, 41, 42) and in RAPD (randomly amplified polymorphic DNA) analysis of whole-cell DNA (1) . At the present time, sequences of the complete 18S rRNA gene appear to provide the most reliable measure of relatedness both because of the number of variable bases in these genes and because of the number of sequences that have been determined. In the present study, we have demonstrated that a PCR primer pair previously described in one of our laboratories (10) produces an amplimer that is reliably specific for the genus Acanthamoeba. The amplimer, now designated ASA.S1 for Acanthamoeba-specific amplimer S1, also has interstrain sequence variation sufficient to distinguish several clusters of 18S rDNA genotypes. This primer pair is used here to analyze a sample of clinical isolates. In order to differentiate individual Acanthamoeba keratitis (AK) genotypes, we used a set of PCR primers that produced a larger amplimer designated GTSA.B1 for the genotype-specific amplimer B1. We then used a multilocus sequencing strategy that enabled us to differentiate all genotypes with a resolution approaching that obtained using the intact gene. This strategy is used here to analyze South African clinical and environmental specimens.
MATERIALS AND METHODS
Organisms. Cultures representing the three morphological groups (30, 38) and the 12 18S ribosomal DNA (rDNA) sequence types (termed genotypes here) of Acanthamoeba (35) were maintained in liquid broth (OGM) as previously described (5) . The Scottish corneal scrapes were obtained in a population-based longitudinal study of keratitis in the West of Scotland (33) and were stored in sterile saline. They had been examined previously at Tennent Institute and Ohio State University (OSU) for the presence of acanthamoebae based on culture growth and in situ hybridization with a genus-specific fluorescent oligonucleotide probe (36) . The scrape specimens used here for PCR were taken directly from the original saline suspensions. The individual amoeba used here for PCR sensitivity assays were picked off of agar surfaces by applying suction through a rubber hose attached to a Pasteur pipette with a tip drawn out to a small diameter. The South African isolates were cultured at the University of Witwatersrand. The 12 eye and contact lens isolates were collected from patients with AK in South Africa and nearby countries from 1990 to 1995. The three sewage sludge isolates were collected in South Africa in 1987. Subsequently, all three sewage isolates were shown to be highly cytopathogenic to human cells in vitro despite having been kept in axenic culture in the laboratory for a number of years (29) .
Control cultures for testing the generic specificity of ASA.S1 amplification were obtained from the following sources. Bacterial, fungal, and algal cultures were from collections maintained at OSU. Cultures of Balamuthia and Leptomyxa spp. were provided by F. L. Schuster, formerly of Brooklyn College, New York, N.Y., and G. S. Visvesvara, U.S. Centers for Disease Control and Prevention, Atlanta, Ga. Naegleria sp. was donated by Takuro Endo, Japanese National Institutes of Health, Tokyo, Japan.
Nucleic acid extraction and PCR. Amoebae from 5-ml cultures were harvested and then lysed in 500 l of UNSET lysis buffer (16) . The aqueous lysate was repeatedly extracted with 500-l volumes of phenol-chloroform-isoamyl alcohol until the protein interface disappeared. The DNA was precipitated from the aqueous lysate with 1 ml of ethanol and then resuspended in 30 to 60 l of sterile distilled water. Then, 1 l of the DNA solution was used for PCR amplification of the 18S rDNA diagnostic regions. Alternatively, a modified Chelex procedure (43) was used for clinical samples containing lower numbers of amoebae or for amoebae individually isolated by using a micropipette from agar plate cultures. In this procedure, samples with one or more amoebae were diluted to ϳ1 ml in distilled water and then centrifuged for 1 min at ϳ16,000 ϫ g in a microfuge. The supernatant was discarded, and the cell pellet was resuspended in 1 ml of double-distilled water, incubated at room temperature for 15 to 30 min, and then recentrifuged for 3 min. All of the supernatant except the last 20 to 30 l was removed from over the pellet, and fresh 5% Chelex was added to a final volume of 100 l. The suspension was incubated at 80°C for 15 min, vortexed for 10 s, boiled for 8 min, vortexed another 10 s, and centrifuged for 3 min. The supernatant was removed and immediately used for PCR. A magnesium concentration of 4 mM was used for all PCR reactions. When high sensitivity was required, the reaction mixes were incubated for 7 min at 95°C, followed by 45 cycles of 1 min at 95°C, 1 min at 60°C, and 2 min at 72°C. When a high specificity was required, mixes were incubated for 7 min at 95°C, followed by 20 cycles of 1 min at 95°C, 1 min at 60°C, and 2 min at 72°C. This was followed by 25 cycles of 1 min at 95°C and 2 min at 72°C. All reactions occurred in a laminar flow hood after 20 min of UV irradiation to decontaminate hood surfaces and PCR supplies. Presterilized PCR tubes and aerosol-resistant tips (Continental Lab Products, Tucson, Ariz.) were used to lessen the possibility of contamination.
Potential PCR primers were evaluated using the program Oligo (31) to maximize the probability of successful amplification. The Acanthamoeba-specific primer pair used here included the forward primer JDP1 (5Ј-GGCCCAGATC GTTTACCGTGAA) and the reverse primer JDP2 (5Ј-TCTCACAAGCTGCT AGGGAGTCA). JDP2 is a modification of ACARNA. 1383 (40) and RGPG (11) . The JDP1-JDP2 primer pair previously was shown at OSU to produce the amplimer now designated ASA.S1 from acanthamoebae isolated from tissues of freshwater fishes (10) . However, the evidence for genus specificity and for sensitivity of the assay is described here for the first time. Depending on the genotype, the primers amplified ca. 423 to 551 bp of 18S rDNA between reference bp 936 and 1402. Genotype T5 yielded the smallest amplimers and genotypes T7, T8, and T9 the largest. The 18S rDNA sequence of the Neff strain of A. castellanii (14) was used as the reference for all base-pair coordinates cited in this report. The amplified region extended from 18S rRNA secondary structure stems E23-2 to -30 and included 3 of 11 segments that are highly variable in Acanthamoeba (35) . The genus specificity was provided by the JDP1 primer that hybridized exclusively to Acanthamoeba 18S rDNA in regions E23-2Ј and E-23-6. The sequence was determined for bp 1271 to 1383 using the 892C sequencing primer. This segment included portions of conserved stem 29 and all of 29-1, a stem that is highly variable and greatly expanded in Acanthamoeba. The sequence in region 29-1 provided the genotype discrimination of ASA.S1.
In order to produce an amplimer with enough phylogenetically informative sequence variation to more reliably discriminate between genotypes, we chose a PCR primer pair that would produce a product that included ASA.S1 plus additional variable regions of the 5Ј half of the 18S rDNA molecule. A eukaryote-specific primer pair rather than an Acanthamoeba-specific pair was used because we were unable to identify any reliable genus-specific sites at either end of this region. The pair used (44) included the forward primer CRN5 (5Ј-CTG GTTGATCCTGCCAGTAG), modified from SSU1, at the 18S rDNA 5Ј end, and reverse primer 1137 (5Ј-GTGCCCTTCCGTCAAT), which began at reference bp 1475. The amplimer was designated GTSA.B1. Three diagnostic segments, bp 178 to 355, 705 to 926, and 1175 to 1379, located within GTSA.B1 and totaling 507 to 646 bp were then sequenced in both directions as previously described (35) . However, sequencing of each segment in a single direction also provided reliable results and speeded up the diagnostic tests. Sequences were repeated three times. The sequencing primers used for single direction sequencing were 373 (5Ј-TCAGGCTCCCTCTCCGGAATC) for bp 178 to 355, 570C (5Ј-GTAATTCCAGCTCCAATAGC) for bp 705 to 926 (45) , and 892C (5Ј-GT CAGAGGTGAAATTCTTGG) for bp 1175 to 1379. For bidirectional sequencing, we also used the PCR primers CRN5 and 1137 plus 892, the complement to 892C (32) . Each diagnostic fragment included rDNA sequences that are highly variable within the genus Acanthamoeba (35) .
Phylogenetic analysis. The 18S rDNA sequence alignments were determined visually by using the programs ESEE (6) or CLUSTAL X (37) and a master alignment of 46 Acanthamoeba sequences including genotypes T1-T12 (www.biosci .ohio-state.edu/ϳtbyers/byers.htm) plus a single sequence for Balamuthia mandrillaris (GenBank AF019071). Neighbor-joining distance trees were obtained using MEGA (23) with the Kimura two-parameter correction for multiple substitutions. Trees were rooted with the B. mandrillaris sequence.
GenBank accession numbers. The ASA.S1 sequences of the Scottish isolates (WSKS) are designated AF343559 to AF343564 by GenBank, and the GTSA.B1 sequences of the South African isolates (SAW) are designated AF343801 to AF343836 with separate accession numbers for each of the three sequenced regions of the amplimer.
RESULTS
Genus specificity and amplification sensitivity of primer set JDP1-JDP2. The genus specificity of PCR primer set JDP1-JDP2 was demonstrated by amplification of ASA.S1 from axenic cultures of trophozoites from each of the 12 Acanthamoeba 18S rDNA genotypes and by the lack of amplification from control bacteria, fungi, amoebae, and human cells listed in Table 1 . Figure 1A illustrates the formation of a variably sized amplimer from all experimental and control organisms when PCR primer pair 570C-1262 (specific for eukaryotes) (44) and RA17-RA3-17 (specific for bacteria) (34) were used. In contrast, when the JDP1-JDP2 primer pair was used, an amplimer of ca. 423 to 551 bp was obtained from Acanthamoeba, but not from representatives of four other amoebic genera (Hartmannella, Naegleria, Leptomyxa, and Balamuthia), one algal genus (Selenastrum), two genera of fungi (Fusarium and Helminthes), one bacterial genus (Pseudomonas), or cultured human HeLa cells (Fig. 1B) . Figure 2 illustrates that ASA.S1 was obtained from each of 11 genotypes of Acanthamoeba (T1 to T8 and T10 to T12). Although not illustrated, we have repeatedly shown that ASA.S1 also is obtained from the Comandon and DeFonbrune strain of A. comandoni which belongs to genotype T9.
The extreme sensitivity of the assay was demonstrated in two ways. First, it was shown by amplification of ASA.S1 from as little as 1 pg of Acanthamoeba DNA (not illustrated), the approximate amount found in a single acanthamoeba (2, 4) . Second, ASA.S1 also could be produced from a single trophozoite isolated with a micropipette (Fig. 3) .
Use of ASA.S1 to detect Acanthamoeba cysts in Scottish corneal scrapes. PCR primer set JDP1 and JDP2 (Fig. 4A ) was used to look for the presence of amoebae in 24 Scottish corneal scrape specimens ( Table 2 ). The specimens tested here were from 17 patients (19 scrapings) with suspected AK and five patient controls (5 scrapings) with non-AK microbial keratitis or conjunctivitis. All specimens had been stored in sterile saline for 4 to 19 months prior to this analysis, and the amoebae appeared to be encysted at the time of testing, although the samples were dilute and an occasional trophozoite could not be ruled out. A single PCR amplimer of the expected size of ca. 460 to 470 bp for Acanthamoeba genotype T4 was obtained from specimens with scrape code numbers 1b, 2, 4, 5, 6, 8, 13, 19, and 23 (Table 2) . A smaller amplimer between 423 and 460 bp was obtained for specimen 9, and several amplimers were obtained from specimen 17.
The PCR findings were compared with our previous report on culture growth and FISH analyses of the same specimens (36) ( Table 2 ). ASA.S1 was obtained from 11 of 15 specimens (73%) that were culture positive and from one of nine specimens that were culture negative. Overall, the positive and negative PCR and culture results were in agreement for 79% (19 of 24) of the specimens. If sample 22, the single PCRpositive-culture-negative case, is included, the PCR results appear to have provided the appropriate clinical information for 83% (20 of 24) of the specimens. In addition, PCR-negative specimens 10, 12, and 18 were previously shown to be both culture positive and FISH positive (Table 2) . Thus, combining PCR and FISH results detected amoebae in 93% (14 of 15) of the culture-positive specimens as well as in one specimen (specimen 22) that was both culture and FISH negative.
Use of bp 1271 to 1383 within ASA.S1 for genotype identification of the Scottish corneal scrapes. Stothard et al. (35) defined 12 18S rDNA genotypes based on phylogenetic reconstructions that included 1,846 alignable bases obtained from complete 18S rDNA sequences of 2,300 to 2,700 bp. To reduce the time and expense involved in accurately sequencing the entire gene, we searched for a subset of the ASA.S1 amplimer sequence that would support a phylogenetic reconstruction similar to that obtained by Stothard et al. (35) . Visual inspection of the ASA.S1 segment in the master alignment suggested that the sequence between bp 1271 and 1383 (Fig. 4A) , which encoded the 5Ј side of 18S rRNA stem 29 and most of stem 29-1 (35), might be suitable for this purpose. Thus, this region was used in a phylogenetic reconstruction (Fig. 5A ) that included homologous regions from sequences in the master alignment plus the six Scottish scrape specimens plus 12 South African isolates to be considered below. The tree produced was based on 46 sequences that are unique in this region and which represent 71 strains. The analysis suggests that the Scottish scrape specimens (WSKS) are genotype T4. In analyses based on complete gene sequences, however, this genotype forms a clade with T3 and T11 (35) . In the absence of a test for significance in the present analysis, T4 cannot reliably be distinguished from the other two genotypes. Thus, we assign all the specimens to the T3-T4-T11 clade. Further analysis of the Scottish specimens was impossible due to sample depletion. Thus, we utilized the South African specimens for identification of sequences that could be the basis for a more reliable genotype-specific sequence analysis.
Use of GTSA.B1 bp 178 to 355, 705 to 926, and 1175 to 1379 to reliably distinguish all genotypes. Although ASA.S1 was clearly specific for the genus, additional sequence variation was required to provide enough phylogenetically significant information for a test of the significance of branching patterns that differentiate the 12 18S rDNA genotypes. Thus, we searched for another amplimer that both would be specific for the genus and could be used to differentiate all known genotypes. We wanted an amplimer containing sequences that would support a phylogenetic reconstruction comparable to that obtained for complete gene sequences by Stothard et al. (35) . We began by using Acanthamoeba 18S rDNA sequences for amplimers thought by other investigators to be specific for the genus (15, 19, 25, 27, 40) . These amplimers, however, all were unsuitable for achieving at least one of our three objectives, i.e., (i) they were not likely to be sufficiently specific for Acanthamoeba, (ii) they could not be obtained from all 12 genotypes, or (iii) the amplimer sequences were insufficient to differentiate the most closely related genotypes. Unfortunately, we also failed to identify a single PCR primer pair that produced an amplimer suitable for all three purposes. Thus, ASA.S1 was used to satisfy the first two objectives because it could do this better than any of the amplimers used by other laboratories. The third requirement was satisfied using sequences of three diagnostic regions within the larger amplimer GTSA.B1. Because this amplimer could be obtained from all eukaryotes, we used axenic amoeba cultures to study whether sequences of the diagnostic regions could be used to differentiate among genotypes. GTSA.B1 ranged from 1,400 to 1,700 bp depending on the genotype and was even larger if an intron were present in the amplified region, as found in some strains of A. griffini (12, (Table 1) obtained using "universal" primer sets 570C and 1262 for eukaryotes (44) and RA17 and RA3-17 for Pseudomonas (33) . (B) Generic-specific amplification product ASA.S1 obtained from Acanthamoeba using primer set JDP1 and JDP2. The negative controls in panels A and B lacked templates and their bands indicate positions of primer migration. 
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). Sequence alignments detect eight segments of variable sequence that occur within this amplimer (Fig. 4B) . Three regions of the amplimer, reference bp 178 to 355, 705 to 926, and 1175 to 1379 (Fig. 4C) , which include seven of the variable regions, were selected for a multilocus sequencing analysis. The first region includes a large portion of the amplimer used by Kim et al. (19) . The second region covers a sequence that hasn't been used previously for sequencing studies but has been included in an amplimer used by Kong and Chung for riboprinting studies (21) . The third region includes the sequence used above in ASA.S1 and also is found within the riboprinting amplimer used by Kong and Chung. GTSA.B1 was obtained with two PCR primers, and sequences of the three diagnostic regions could be obtained with three to six sequencing primers depending on whether sequencing was unidirectional or bidirectional. This contrasted with up to 20 primers we have used in the past for manual sequencing of the complete gene. This is the first subgenic fragment found to have sufficient information for differentiating all of the genotypes reliably.
Genotype identification of South African eye and sewage isolates using GTSA.B1. The South African isolates, all previously identified as A. mauritaniensis (www.atcc/org), appeared to separate into two different groups in the analysis based on ASA.S1 sequences. One group consisted of six isolates from the eyes of patients with AK (SAWE, ATCC 50676 to 50681) plus three isolates from the contact lens or lens cases of AK patients (SAWL, ATCC 50682 to 50684). The second group included three isolates from sewage sludge (SAWS, ATCC 50685 to 50687) (29) . This relationship was tested more rigorously with an analysis that permitted a test of the significance of the topology. A total of 48 unique sequences for the three combined diagnostic regions of GTSA.B1 were extracted from the master alignment of complete sequences. They then were combined in a neighbor-joining phylogenetic reconstruction with homologous sequences obtained here from the 12 South African specimens. The tree produced included 60 sequences representing 64 Acanthamoeba strains. The topology (Fig. 5B) was very similar to that obtained for the sequence from ASA.S1 (Fig. 5A ), but in this case terminal genotypes could be distinguished by high bootstrap values or distance of separation. For example, terminal bootstrap values of 97% for T4, which includes the AK-related isolates, and 100% for T5, which includes the sewage isolates, were obtained. The tree topology was similar to that previously obtained by Stothard et al. using complete 18S rDNA sequences (35) although that study did not include the South African isolates. The African AK-related isolates associated here with genotype T4 strains, and the sewage isolates associated with strains having the very distinctive T5 genotype. 
a Specimens originally were fresh corneal scrapes (35) . b ϩ, culture growth previously observed at the Tennent Institute and/or The Ohio State University; 11 of 15 isolates were positive at both sites (35) . c ϩ, detection by FISH previously observed with acanthamoeba-specific probe (35) .
d ϩ, ASA.S1-sized amplimer observed. e Ϫ, amplimer not observed or not sequenced. f Scrapes a and b were from the same eye on different days. g Scrapes a and b were from different eyes of the patient.
DISCUSSION
Genus specificity of PCR. The first objective in the present study was the design of primer pairs capable of amplifying a genus-specific amplimer from representatives of all described Acanthamoeba 18S rDNA genotypes. The use of PCR amplimers for the genus-specific detection of Acanthamoeba was attempted first by Vodkin et al. (40) . These authors used primer pair ACARNA 1383-1655, which amplified bp 1383 to 1655, to demonstrate that PCR products could be obtained from a number of strains, from as few as one amoeba, and from either formalin-fixed or fresh material. Lehmann et al. (25) subsequently demonstrated the usefulness of this primer pair for the detection of amoebae in AK. These authors also described a second 18S rDNA primer pair, PIGP.2379for-2632rev, which amplified bp 1835 to 2079 and was used to confirm the presence of Acanthamoeba in their clinical study. A nearly identical amplimer, just 16 bp shorter, was used in another clinical study (27) . A third potential genus-specific primer pair amplifying bp 66 to 585 also was useful for identification of eye isolates (19) .
Now that substantial amounts of 18S rDNA sequence are available for more than 80 isolates of Acanthamoeba (10, 35, 42; and the isolates described here), they can be used with sequences for other amoeba genera to reevaluate the probable genus specificity of various PCR primer sets. We have used a master alignment of complete 18S rDNA sequences to predict that amplification with primer pairs ACARNA 1383-1655 and P1GP 2379-2632 would be successful not only with all rDNA genotypes of Acanthamoeba but also with closely related amoebae from the genera Balamuthia (GenBank AF019071) and Hartmannella (44) . Thus, amplimers produced with these two primer pairs would not be specific for Acanthamoeba. The primer set 66-585 (19) would be specific for Acanthamoeba but only should amplify from the genotypes of morphological groups 2 and 3 (T1 to T6 and T10 to T12). Thus, the larger acanthamoebae of genotypes T7, T8, and T9 of morphological group 1 would not be detected.
In the work described here, a database of 18S rDNA sequences was used to design a genus-specific primer set that would amplify a product from all Acanthamoeba 18S rDNA genotypes and would not amplify from other closely related genera of amoebae or from distant control organisms including humans. This objective was achieved with the primer set JDP1-JDP2. The actual testing of amplification from representatives of each genotype (Fig. 2) confirmed the predictions based on sequence analysis and demonstrated that the predicted amplimer was obtained in each case.
Sensitivity of PCR with JDP1 and JDP2. We, like Vodkin et al. (40) , were able to amplify a product from a single trophozoite. Here, amoebae were isolated with a micropipette to avoid uncertainties associated with cell dilutions. The observation was supported also by PCR of DNA dilutions. The average content of uninucleate trophozoites is 1 to 2 pg (2, 4), and ASA.S1 could be obtained from 1 pg. The sensitivity was demonstrated further in sample 22, in which PCR detected amoebae even though the specimen was culture-negative at both TIO and OSU (Table 2 ). However, we failed to obtain amplimers from culture-and FISH-positive specimens 10, 12, and 18 and from culture-positive but FISH-negative specimen 1a. The reasons for these failures are unknown. We do know that cell clones can be obtained from single trophozoites or cysts. Likewise, we have shown here that a single trophozoite is sufficient for PCR. Although the use of PCR with cysts hasn't been examined carefully by anyone to our knowledge, we have never been able to obtain amplimers from mature cysts. Thus, one possible explanation for the results in the present study is that success of PCR depends on the presence in the samples of one or more trophozoites or immature cysts and that only mature cysts were present in the culture-positive specimens where PCR failed.
Identification of Acanthamoeba 18S rDNA genotypes. For many purposes, it is sufficient to identify amoebae at the generic level. In the case of Acanthamoeba, identification of species has been problematic. The subgeneric classification used here is based on interstrain variations in 18S rDNA sequences. The relationships between the rDNA genotypes and individual morphological species is still in question, although there is a relatively consistent correlation between the three traditional morphological groups of strains and clusters of genotypes (35) . In some cases, however, there is a good correlation between a morphological species and a particular genotype. The strong correlation between genotype T5 and A. lenticulata in past studies (32, 35 ) is a good example of this. Thus, it is our basis for suggesting a change in the species name of the sewer sludge isolates from A. mauritaniensis to A. lenticulata. The 12 isolates of A. lenticulata examined prior to this study were classified by experts based on criteria other than DNA sequences (9, 29) . With the addition of the South African amoebae, we now have sequence data for 15 isolates of genotype T5. The 18S rDNA sequence, exclusive of introns, varies relatively little among these isolates. In addition, the complete 18S rDNA of the A. mauritaniensis ATCC 50253, which is derived from the type strain, has been sequenced by R. J. Gast (unpublished data) and ourselves. This isolate clearly has a T4 rather than a T5 genotype.
At present, ASA.S1 is the best choice for specific detection of acanthamoebae because it is highly selective for the genus and can be obtained from all known 18S rDNA genotypes. This should make it particularly useful for environmental samples which might include any of the acanthamoeba genotypes. The sequence of this amplimer can be used to distinguish most of the genotypes but cannot reliably distinguish the closely related members of the T3-T4-T11 clade. This clade is of special interest because several studies indicate that T4 amoebae are the predominant agents of Acanthamoeba keratitis (35, 41, 42) . Our use of GTSA.B1 here has demonstrated that the South African eye and contact lens isolates also belong to this genotype. Thus, the combined results of Stothard et al. (35) , Walochnik et al. (41, 42) , and the present study now have shown that 38 of 40 Acanthamoeba isolates from the eyes of AK patients belong to this genotype. The two published exceptions are one T3 isolate (24) and one T6 isolate (41, 42) . As shown previously, a T4-specific FISH probe can be used to identify amoebae from this genotype (36) . We have delayed the design of similar probes for the other genotypes, however, until more sequences are available and the sequence diversity within each genotype is clearer. Thus, at present, reliable differentiation of these most closely related genotypes can be obtained either by sequencing the complete 18S rRNA gene of ca. 2,300 to 3,000 bp (35) or by using the multilocus sequencing of GTSA.B1 which only involves ca. 500 to 650 bp. The former approach is the most likely choice where automated sequencing is available, but the latter is much more practical in the many laboratories where manual sequencing is used.
Infections in immunologically compromised individuals may involve a wider range of rDNA genotypes of Acanthamoeba, as well as isolates of the genus Balamuthia (26, 39) . Although only four complete 18S rDNA sequences have been reported from immunodeficient patients, they represent genotypes T1, T4, and T12 (35) and possibly will include others. For example, although the genotype T5 A. lenticulata has not yet been associated with human disease, the sewage sludge isolates used here were shown to be cytopathogenic to human tissue culture cells (29) . Thus, genus-specific PCR of samples from infections in patients with compromised immune responses should use primer sets that have been shown to be useful in detecting all known 18S rDNA genotypes.
The relative values of sequencing and other methods for identification of genotypes. Rapid advances in the accuracy and rapidity of automated DNA sequencing technology and the increasing availability of automated sequencing facilities around the world make the use of PCR and DNA sequencing for identification of microbial isolates increasingly attractive. In our experience, the ability to culture Acanthamoeba from specimens is the most successful assay for these organisms. However, the formation of a colony can take a week or more. Thus, a sensitive method, such as PCR with primers JDP1 and JDP2, that is able to detect amoebae of all Acanthamoeba genotypes in 1 to 2 days without the need for cell multiplication, is especially useful for clinical applications. As shown here, success in detection within the same time period can be greater than 90% if PCR and sequencing are used in combination with genus-specific FISH.
Although we believe that sequencing of DNA is the most reliable indicator of strain relationships, the recent use of riboprinting, that is, the analysis of restriction fragment length polymorphisms of complete 18S rRNA genes, is promising. With some minor exceptions, we conclude that a recent phylogenetic tree constructed by Chung et al. (8) based on riboprints of reference strains of Acanthamoeba is consistent with the rDNA tree of Stothard et al. (35) . As noted by Chung et al., however, inconsistencies do arise if introns are present in the rDNA, as is the case for the A. griffini isolate used in their study (8, 12, 24) , as well as for some strains of A. lenticulata (32) . The riboprinting study included data for four species, A. divionensis, A. paradivionensis, A. triangularis, and A. quina, for which 18S rDNA sequences had not yet been reported. Based on the distance analysis used for the riboprinting study, these species all appear to cluster with isolates previously identified (35) as genotypes T4 or T11. We now have determined the sequence for A. triangularis SH621 (GenBank AF346662) and confirm that it does have a T4 genotype.
